Prior research suggests that the occurrence of a catastrophe may lead to increases in risk perception, risk mitigation, and insurance purchasing behavior. Given the extensive damage that often is inflicted by natural disasters, such a phenomenon is intuitive for property risks. Similarly, we posit that the occurrence of catastrophes also may be associated with an increased demand for coverage against mortality risk. Based on U.S. state-level data for the period 1994 through 2004, we provide evidence of a significant relationship between catastrophes and life insurance demand, both for states directly affected by the event and for neighboring states.
INTRODUCTION
In August 2005, Hurricane Katrina struck the U.S. Gulf Coast, resulting in an estimated 1,800 deaths and $81 billion in total property damage in several U.S. states (Knabb, Rhome, and Brown, 2005) . Prior literature contends that natural disasters such as hurricanes, floods, and tornadoes may cause individuals to adjust their decision-making processes and reassess risks that could result in property damage, leading to an increased demand for an assortment of property-related insurance contracts (e.g., Browne and Hoyt, 2000) .
While the question of how individuals respond to natural disasters has been of theoretical and empirical interest, research has thus far not focused on the potential impact that such catastrophes could have on the demand for insurance against mortality risk. We suggest that the cognitive process that occurs following individuals' exposure to catastrophes as it relates to property insurance buying behavior also may play a similar role in relation to their decision to insure against mortality risk. To explore this possibility, we examine the demand for life insurance following catastrophes in the United States based on state-level data for the period 1994 through 2004. We provide empirical evidence of significantly higher life insurance demand in states affected by catastrophes relative to non-affected states. The finding persists both in the year of and in the year following the catastrophe, and the effect generally holds for neighboring states that were not directly affected by the catastrophes.
In the paper that follows, we first briefly review the literature regarding catastrophes and the demand for insurance. Next, we describe the data and empirical methods. We then model the demand for life insurance and present the results. In the final section, we summarize and conclude the paper.
CATASTROPHIC EVENTS AND THE DEMAND FOR INSURANCE
When catastrophes, particularly natural disasters, strike in the United States, property losses often are large while loss of life is relatively minimal.
1 The potential losses associated with such catastrophes often can be reduced through a combination of loss mitigation and the purchase of insurance.
2
Although individuals may choose to insure these risks through the use of homeowners insurance, earthquake insurance, and/or flood insurance, often the amount purchased is not sufficient to ensure indemnification in the event of an insurable loss. In the case of Hurricane Katrina, property losses totaled over $81 billion, yet only $44 billion of the property damage was insured (Insurance Information Institute, 2008) .
A number of explanations have been provided as to why individuals fail to purchase seemingly necessary insurance products or do not take action to mitigate losses when they are at risk. Kunreuther (1976) argues that the decision-making process with respect to insurance purchasing occurs in four distinct stages, and that if a person fails to recognize that a potential problem exists or assumes a probability of occurrence so low that the event seems improbable, the steps necessary to reduce potential losses will not be taken. 3 Other researchers concur that if the probability of loss is low (such as for some catastrophic losses), individuals may drive their self-assessed probability of loss to zero (even though the actual probability is higher), ignore the potential loss, and not purchase insurance (see Slovic, Fischhoff, Lichtenstein, Corrigan, and Combs, 1977) .
1 Property losses resulting from natural disasters have increased steadily over time. The large property losses associated with catastrophes are in part attributable to increased building along the U.S. coast, an increase in property values, and a lack of risk awareness or unrealistic personal assessments of risk (Kron, 2006) . 2 Although mitigation efforts may be useful in reducing the expected loss incurred from a catastrophic event, Kleindorfer and Kunreuther (1999) note that individuals typically are leery of adopting these mitigation measures unless the measures are extremely cost effective. 3 According to Kunreuther (1976) , individuals must first perceive the risk as an event that may potentially result in a loss. Second, individuals must realize that insurance is a viable coping mechanism. Once individuals realize that insurance is available to manage the loss associated with potential risks, they can then (third) begin collecting and interpreting insurance-related information (terms of insurance) in order to make an insurance-purchasing decision. Fourth, the individuals must determine whether or not insurance is an attractive purchase. Kunreuther (1984) further explores the failure to purchase disaster insurance. He suggests that individuals may rely on past experiences to determine if a risk is serious enough to warrant the purchase of insurance, and that individuals will be more likely to purchase insurance when they know someone else who has purchased coverage or when they have had conversations with others regarding insurance purchases. 4 Ganderton, Brookshire, McKee, Stewart and Thurston (2000) conduct a set of experiments and find that individuals are more likely to purchase insurance for low-probability events when the cost of insurance is low, the expected loss is high, and the individual is less wealthy (i.e., they are less likely to be financially secure enough to self insure or retain the loss). 5 Kunreuther and Pauly (2004) provide a theoretical model to explain why individuals may not insure against low-probability events.
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As a result of various decision-making behaviors and cognitive biases, individuals may not take actions necessary to reduce potential losses and may not purchase insurance prior to a large-loss event.
7 However, research suggests that some individuals are moved to purchase property insurance after the occurrence of a catastrophic event. Sullivan, Mustart, and Galehouse (1977) study the awareness and attitudes of individuals living near the San Andreas fault in California. Among a variety of issues explored by the authors was whether or not those surveyed had purchased earthquake insurance. The authors found that in 1970, only 5 percent of 4 Kunreuther also argues that individuals may not be aware of the existence of useful insurance products, or may perceive the cost of the insurance as too high (see also Sullivan, Mustart, and Galehouse, 1977; and Palm, Hodgson, Blanchard, and Lyons, 1990) . 5 An additional explanation for the purchase of insurance is provided by Schlesinger and Doherty (1985) , who argue that individuals will purchase insurance coverage when markets are incomplete and losses and wealth are inversely related. Conversely, the authors argue that individuals will purchase less insurance (or no insurance) coverage when markets are incomplete and losses and wealth are positively related. 6 Kunreuther and Pauly argue that individuals are faced with explicit or implicit costs when making insurance purchasing decisions. When individuals believe that the probability of a catastrophic event occurring is relatively low, they may behave in a manner consistent with the probability of occurrence equaling zero, similar to the threshold explanation presented by Slovic et al. (1977) . In addition to the aforementioned reasons provided for the failure of individuals to mitigate against certain high loss risks, some researchers have posited that federal assistance following a disaster may reduce one's mitigation efforts. The concern is that by providing citizens with aid following a major disaster, individuals will anticipate future governmental assistance and will thus discount the value of taking precautions prior to the occurrence of a catastrophe. While this idea has been presented previously, it has not been supported by the prior literature (Kunreuther, Ginsberg, Miller, Sagi, Slovic, Borkan, and Katz, 1978) . 7 For a thorough examination of these potential cognitive biases, see Meyer (2005) .
respondents had purchased earthquake insurance for their residence. 8 In 1976 the authors resurveyed the area and find that earthquake insurance purchases had increased from 5 percent to 22 percent. While the authors do not specifically provide a reason for this increase, Lindell and Perry (2000) argue that the increase may be a result of respondents experiencing the effects of the San Fernando earthquake in 1971.
9 Shelor, Cross, and Anderson (1992) examine the impact of the 1989 Loma Prieta earthquake on insurer stock prices. The authors find that stock prices increased following the earthquake for two samples of insurers, particularly for the two days following the earthquake's occurrence. The authors conclude that the positive market response was due to investor expectations of increased demand for property-liability insurance in the affected areas. Browne and Hoyt (2000) assess the factors related to the demand for flood insurance.
The authors note that the occurrence of a disaster has been shown to increase the awareness of insurance as a need. Evaluating the period from 1983 through 1993, the authors find that flood insurance purchasing behaviors are associated with the level of flood losses in a given state during the prior year. The authors provide evidence that residents of states that incurred larger flood-related losses in the previous year had a tendency to purchase a greater number of flood insurance policies with greater levels of coverage than those individuals residing in states that
had not experienced such large losses.
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While property damage is a real possibility in the event of a catastrophe, deaths and injuries resulting from catastrophic events are relatively minimal in the U.S., especially when 8 Some reasons provided for not purchasing earthquake insurance included that it was too expensive, not necessary, or that respondents were not aware of its availability. 9 Similarly, Palm, Hodgson, Blanchard, and Lyons (1990) performed a survey-based study and evaluated the relationship between the occurrence of an earthquake and the insurance purchasing behavior of residents in four counties located in California. They suggest that earthquakes occurring in the early 1980s appeared to be associated with earthquake insurance purchases in three of the four counties surveyed. 10 In addition to Browne and Hoyt (2000) , Zaleskiewicz, Piskorz, and Borkowska (2002) evaluate a sample of 66 property owners who were affected by a 1997 flood in Poland and find that individuals who reported a greater level of fear when considering floods were more likely to purchase flood insurance after the flood than those that did not report high levels of flood-based fear.
compared to those that occur on an international scale. 11 As noted by Bourque, Siegel, Kano, and Wood (2006) , the number of deaths attributable to natural disasters in the U.S. has declined over the previous 30 years. Although the number of deaths has declined over time, a level of psychological distress is associated with the occurrence of a natural disaster. Ganderton et al. (2000) state, "The losses in natural disasters can often be so severe and large that they dominate people's assessment of the risk they face". Such cognitive adjustments could be responsible for changes in the demand for products that aim to secure the property, health, and financial assets of individuals. Weinstein (1989) suggests that feelings of worry increase following the personal experience of a traumatic event, which may then lead individuals to attempt to protect themselves in various ways from future harm. While such protection efforts have come in the form of property insurance purchases and increased mitigation efforts, protection-based decisions also may come in the form of an increase in life insurance demand. Those individuals who do not have life insurance (or who do not carry a "sufficient" amount) may be more likely to reassess their needs after witnessing the destruction caused by a catastrophic event.
Furthermore, individuals may feel more inclined to proactively protect themselves against mortality risk as a result of greater risk awareness.
Some anecdotal evidence exists regarding the impact that catastrophes may have on the demand for life insurance. In particular, between 1918 and 1919, the U.S. faced an influenza pandemic that resulted in the death of hundreds of thousands of Americans. Weisbart (2006) notes, "In 1919, stories on the experience of major life insurers routinely reported record sales in 1918, driven in part by people who came to have a fresh appreciation of the value of owning life insurance". Although natural catastrophes that affect the United States do not generally result in the number of deaths attributed to the influenza pandemic in the early twentieth century, it is possible that major catastrophes may be related to an increased demand for life insurance.
Zietz (2003) provides a survey of the various factors that have been identified by prior research as determinants of life insurance demand.
12
In general, many of the previously examined factors are associated with significant life changes, whether the change is the birth of a child, a new job, or simply a change in age. In the same vein, catastrophes may be events with enough significance so as to be related to an increased demand for life insurance. Figure 1 shows the average number of life insurance policies issued for states that did and did not experience a major catastrophic event (defined below) in a given year. The figure illustrates that those states affected by a large catastrophic event experienced a greater demand for life insurance than those states that were not impacted by such an event in eight out of nine years of the sample period. Similarly, Figure 2 shows the same phenomenon for states that experienced a catastrophic event in the prior year. Together, Figures 1 and 2 suggest that states affected by a large catastrophic event experience higher demand for life insurance relative to non-affected states, not only in the year of the event, but also in the year following the event.
We next model the demand for life insurance with specific consideration given to the potential role of catastrophes.
[Insert Figure 1] [Insert Figure 2]
12 Among the factors identified by prior literature as having some influence on the demand for life insurance are age, education, employment, income, population, life expectancy, marital status, number of children, and a variety of psychographic traits (Zietz, 2003) .
DATA, EMPIRICAL MODEL, AND METHODOLOGY
Major catastrophes are defined here as those events affecting the United States and resulting in large insured property losses. Because we primarily are interested in determining whether or not the occurrence of a catastrophe is related to life insurance purchasing behavior, we focus only on natural disasters that cause significant property damage (i.e., greater than $1 billion) and are identified by Swiss Reinsurance (SwissRe) Company as costly events.
13 Table 1 identifies the 18 catastrophes that we include in the analysis to determine if a relationship exists between catastrophes and the insuring of mortality risk. For several reasons discussed below, the set of catastrophes included in the sample is based on the size of insured property damage, as opposed to the number of deaths or injuries. First, very few catastrophes occur within the U.S. that cause a significant number of deaths. Second, a large catastrophe that results in many deaths and injuries presumably should be associated with a large amount of property damage. Finally, because a change in demand may be due to a change in the perception of risk, property damage resulting from a catastrophe may be sufficient to induce an increase in the demand for life insurance. While the identification of catastrophes is based on the dollar amount of property damage rather than deaths or injuries, we control for death and injuries attributed to catastrophes in our models.
[Insert Table 1] 13 Catastrophes are identified via Swiss Re Sigma Reports (similar to Born and Viscusi, 2006) . Each year Swiss Re publishes a Sigma Report that explores the impact of catastrophes, both in the U.S. and internationally. Included in each publication is a list of the 40 most costly catastrophes since 1970. Using available Swiss Re reports, catastrophes were selected for inclusion in this study if at any point during the sample period a catastrophe from the period was included on this list. It should be noted that this list changes each year as catastrophes are added and removed. We include a catastrophe once it is included on the list and keep it in the sample even if it is subsequently removed in another year. As such, smaller catastrophes occurred that are not included in this study. However, since we are interested in determining whether or not a relationship between catastrophes and life insurance demand exists, we focus on the largest catastrophes for purposes of this particular study. 16 Median income data are based on two-year moving averages. 17 We also considered per capita health expenditures and education as additional regressors. However, these factors were highly correlated with the other variables. 18 If the residuals of the estimates between the states are correlated in a given year or if the residuals of the estimates for a given state are correlated over time, the standard errors will be biased downward, favoring a finding of statistical significance. 19 The model employed consists of yearly fixed-effects with standard errors clustered by state (see Petersen, 2009 ).
We also considered a two-way fixed-effects model using year and state fixed effects. However, since our data do not contain multiple observations within a single year (i.e., even if more than one catastrophe strikes a given state in a given year, no state is represented multiple times within a given year), a two-way fixed effects regression would not be appropriate as it would eliminate any cross-sectional variation. As per Petersen (2009), we also estimate a model in which standard errors are clustered by both state and year. The results obtained from the two-way cluster models are consistent with those presented in this paper and thus are not reported. 
The primary variables of interest are the CAT, PriorCAT, and Contiguous variables. 20, 21 The CAT (PriorCAT) binary variable allows us to determine whether a significant difference exists between demand for life insurance among states that did or did not experience a catastrophe in a given (prior) year. We include the PriorCat variable since there may be a lag between the occurrence of the catastrophe and the issuance of a new life insurance policy. The CATInteract variable is included in the regression models to account for any additional change in life insurance demand given consecutive years of catastrophe-exposure. We anticipate that at least one, if not all, of the CAT variables will be significant and positive.
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The Contiguous variable is included in order to determine if those states that are geographically close to a catastrophic event but not directly impacted by the event also experience an increase in life insurance demand. 23 As previously stated, individuals may rely on past experiences to determine if a hazard is serious enough to warrant the purchase of insurance. 20 The variance inflation factors (VIFs) were checked for each of the independent variables employed in the models. None of the independent variables had a VIF greater than 4. Kennedy (1998) notes that a VIF greater than 10 may be cause for concern. Correlations between independent variables are located in the Appendix. Alternative versions of the models were estimated in which the CAT and PriorCAT variables were replaced by variables denoting the number of catastrophes impacting a given state in a given year or prior year. The results obtained from those regressions were similar to those presented here and thus are not reported. These additional variables are not included within our full model due excessive VIFs. 21 The term "log" denotes the use of the natural logarithm throughout this paper. 22 It should be noted that two phenomena potentially militate against finding a significant catastrophe effect. First, several states reappear in Table 1 over time, rendering an ever-shrinking pool of people for the catastrophes on which to have an effect. Second, it is possible that the states appearing multiple times may be more likely to experience a numbing effect in relation to their potential response to catastrophe risk and the need for life insurance (see Meyer, 2005) . 23 The Contiguous and PriorContiguous variables do not result in double-counting if the state has already been affected by a catastrophe. For example, if a hurricane strikes Florida but does not impact Georgia, Georgia is considered a contiguous state. However, if a hurricane strikes Florida and misses Georgia, but Georgia then experiences state-wide flooding in the same year, it will not be considered a contiguous state. This coding approach is followed in order to preserve the underlying purpose of the variable, which is to determine if non-impacted states experience an increase in the demand for life insurance when in close proximity to affected states.
Assuming an indirect experience may be sufficient enough to promote a change in the assessment of risk, we anticipate that one, if not both, of the Contiguous and PriorContiguous variables will be significant and positive. The Disasters variable is included in the models to assess whether states that historically have experienced more catastrophic events exhibit greater demand for life insurance, even prior to the actual occurrence of a catastrophe in a given year.
The number of deaths and injuries attributed to catastrophes in each state (CATDeath, CATInjury, PriorCATDeath and PriorCATInjury) are included in each of the regression models to account for the potential differential effects of catastrophe-related death and injury on the decision to insure mortality risk. Prior empirical research that examines the demand for property insurance following a catastrophe generally accounts for the size of insurable losses. While such a proxy does provide some indication of the overall destructiveness of the event, the number of deaths and injuries associated with a catastrophic event may also be related to the population's general insurance-purchasing response. We expect the coefficients of these variables, if they are significant, to be positive.
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In addition to the catastrophe-related variables, we also include state-specific factors that may influence life insurance demand. As noted previously, control variables included in the regression models are identified via prior life insurance demand literature. The Insurers variable proxies for the overall availability of life insurance in each state. We anticipate that an increasing number of insurers in a given state represents a greater level of life insurance availability and thus expect a positive relation between the number of insurers writing life insurance in a state and life insurance demand.
We also control for the potential effect of a given state's median income (MedianInc) and the level of homeownership (Homeown). Prior literature suggests that generally there is a positive relation between the demand for life insurance and both median income and 24 The relatively small number of deaths and injuries that occur in the United States resulting from natural disasters suggests that the relation between these two variables (death and injury) and the demand for life insurance may be insignificant.
homeownership (Zietz, 2003) . Income may have a positive relation with life insurance demand given the desire to protect the potentially higher level of income given premature death.
However, Ganderton et al. (2000) suggest that individuals who are less wealthy (and likely have lower income) may be more likely to purchase insurance for low probability events. Related to homeownership, Ganolfi and Miners (1996) Summary statistics and expected signs for the coefficients are in Table 3 , and a comparison of the means of the dependent and independent variables over the sample period appears in Table 4 .
[Insert Table 3] [Insert Table 4 ] 
EMPIRICAL RESULTS AND DISCUSSION
The findings from various forms of the regression model in equation (1) are presented in Table   5 .
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Results across all forms of the model indicate that the demand for life insurance is significantly higher in states that experienced a major catastrophe (relative to those states that did not experience a catastrophe) in a given year (CAT), and/or in the prior year (PriorCAT). 27 These results persist for models estimated with only CAT and PriorCAT, as well as for various additional forms of the model not shown here. In terms of the economic significance of the results, the coefficients on CAT and PriorCAT suggest that the marginal effect of a major catastrophe on a state's demand for new life insurance policies is approximately 21 percent to 26 percent (see Halvorsen and Palmquist, 1980) .
Results for several forms of the model also suggest that catastrophic events are related to significantly higher demand for life insurance in neighboring states that are not directly affected by the catastrophe. Results from all models indicate that Disasters is not statistically significant, suggesting that the demand for life insurance is not systematically higher in those states that have experienced a greater number of declared disasters over time.
All of the coefficients on the control variables are statistically significant. We find that several variables are positively related to life insurance demand; namely, the number of life insurers (Insurers) writing business in a state, the percent of homeowners in a state (Homeown), and the percent of the state's population that is between the ages of 25-64 (Age), consistent with expectations from prior literature. Results also indicate that a state's median income (MedianInc) is negatively related to the demand for life insurance. Because we examine the number of new policies issued, as opposed to the amount of life insurance purchased, such a result would appear consistent with discussion and results from Ganderton et al. (2000) discussed above.
The evidence suggests that neither the number of deaths nor the number of injuries attributable to catastrophic events are related to life insurance demand, indicating that physical harm and loss of life are not necessarily drivers for increased life insurance demand (or indicating that their effects are outweighed by the other factors).
[Insert Table 5]
The results from our analyses provide evidence that life insurance purchasing behavior is related to recent state-specific catastrophe activity. The results indicate that states affected by catastrophes, as well as states that neighbor catastrophe-affected states, exhibit a demand for life insurance that is significantly greater than the demand in other states. Research by Tversky and Kahneman (1974) examines a variety of biases and heuristics that affect judgment including an "availability" heuristic and a corresponding "retrievability" bias. The authors argue that individuals may assess the probability of an event based on "…the ease with which instances or occurrences can be brought to mind". Although availability may be useful in determining probability, this heuristic may be biased by "retrievability", whereby an event that is easily retrieved appears more likely than an event that is less easily retrieved, regardless of the actual probabilities of the two events. It is possible that the ease of event recall increases following catastrophes, which then leads to reassessment of the potential for loss and increased life insurance purchasing behavior.
The findings also may relate to an adjustment in risk perception following an event characterized by a great deal of uncertainty. Sunstein and Zeckhauser (2008) argue that individuals have a tendency to overreact to low-probability high-severity events, leading them to "…exaggerate the benefits of preventive, risk reducing, or ameliorative measures", particularly when faced by vivid and salient events. The occurrence of a catastrophe may lead individuals to overreact to the event as a result of what they witness both in person and through various forms of media, and this overreaction may lead to increased insurance purchasing behavior. The findings also are consistent with the tendency for some individuals to underinsure (e.g., Bernheim, Forni, Gokhale, and Kotlikoff, 1999) . Following a catastrophic event, underinsured individuals may be motivated to purchase new or additional life insurance so as to reduce the gap between their needs and their coverage.
Another possible explanation for the higher demand for life insurance in states affected by major catastrophes relates to the issue of regret. Braun and Muermann (2004) argue that individuals may choose to purchase insurance not because they necessarily believe they need it, but rather because they would regret not having the insurance if an event occurred in which the insurance was needed. From this perspective, the catastrophic event induces some regret-based concern regarding the ownership of life insurance that prompts an individual to make the purchase. Results indicate that life insurance marketing efforts may be geared toward those affected by the destruction caused by a catastrophe.
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The results suggesting that the demand for life insurance increases in the year following a catastrophe may relate to a given catastrophe occurring late in the year or because individuals do not have the means to purchase life insurance directly following the event. 29 In the case of consumers not having the financial capability to purchase the insurance immediately following the catastrophe, this explanation would appear reasonable given the potential for prospective insureds to incur large property losses following a catastrophe.
SUMMARY AND CONCLUSIONS
With the potential to inflict billions of dollars in property damage and large losses of life, catastrophes can adversely affect individuals, businesses, states, and entire national economies.
Large property losses caused by catastrophes have led prior literature to focus on the relationship between catastrophes and property insurance demand. We evaluate the relationship between catastrophic events and the demand for life insurance, and make two primary contributions to the prior literature. First, we provide evidence that the demand for life insurance in states directly affected by major catastrophes is significantly higher than life insurance demand in non-affected states, both in the year of the event and in the year following the event. Second, we provide evidence indicating that states bordering catastrophe-affected states also experience significantly greater demand for life insurance. Overall, while prior research has shown that catastrophes have spillover effects related to the demand for property insurance, results of this study indicate that catastrophes also have spillover effects for life insurance demand.
Future research may consider the effect that catastrophes have on life insurance demand in markets outside of the United States. As noted earlier, the majority of natural disasters that occur in the U.S. do not result in substantial loss of life. However, outside of the U.S., natural disasters can and do result in large losses of life, and thus the question arises as to whether we might observe a similar relationship between catastrophes and life insurance demand in other countries following non-U.S. catastrophes. 
